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THE SECOND CLASS CURRENTS IN HEAVY LEPTON DECAYS
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The second class current manifestations in the decays ©— vaV,V = p, w, ¢ and
T — vi) are studied. The energy distributions are obtained. The V meson density matrix
elements are evaluated. We show that knowledge of these elements allows one to determine
all hadron weak current formfactors.

PACS numbers: 14.60.-z

1. Introduction

The fraction of t lepton hadron decays is more than 609 of its full width [1]. The
investigation of hadron decays is useful for both weak and strong interactions. Owing
to a large t© lepton mass one can investigate the hadron weak current at large momentum
transfer squared (of the order m? =~ 3.2 GeV). Therefore, we can consider v-r beams with
varying energy. The variety of hadron decays is also an advantage. For example, the
T — va—n° and © — vro(p) decays are important for the verification of the CVC hypo-
thesis [2-4]. The © — vor decay [5, 6] is of interest for the investigation of the A; meson
which is a classical object of current algebra [7, 8]. One can also study the locality [9, 10]
of lepton weak interactions with hadrons in the unknown region of timelike momentum
transfer [11, 12]. The T-invariance of charge weak current leads to specific predictions
[13], which can be verified experimentally.

* Finally the processes T — v +hadrons are helpful for the investigating second class
currents [14]. The fact is that pion production is most favoured. However these hadron
final states have certain G-parity [15, 16). Therefore, the hadron production with positive
G-parity (t — vr~n° © — vno) is determined by vector current (first class current), but
the second class current ought to be axial. If the hadron state with negative G-parity is
produced (t — vor), the first class current ought to be an axial current, but the second
class current ought to be a vector current.

* Address: Kharkov Institute of Physics and Technology, Academy of Sciences of UkrSSR, Khar-
kov-108, USSR.
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This comparison is only typical of t lepton decays. The exception is the ©1 — nv
decay where the first class current is the vector current, but it is impossible to construct
the axial current for this decay (even if the second class currents exist).

It was shown [17] that interference between the first and the second class currents
distorts the hadron energy distributions in different 1 lepton decays. But it was important
to know the neutrino momentum.

In this paper we investigate the second class current manifestations in the decays
T = vV, V = o, 0, 9. In the case of the unpolarized V meson the second class and first
class current interference is determined by only two (of four) formfactors. The V meson
density matrix is obtained.

The T — van decay which is determined by the second class current only is discussed
as well.

2. The vector meson production

The matrix element of the t — vrV, V = @, w, ¢ decay is given by
G _
/‘I = :/3 u(pl)}'u(l +y5)u(pl)']p9

J, = iF &, UrKyq,+(F,K,+F3q,)q - U*+F4Uf, ¢))

where G is the Fermi coupling, U and K are the polarization vector and momentum of
the V meson, respectively, ¢, p; and p, are the momentum of =n, v and v, respectively,
F(1), t = (K+q)* are the weak formfactors (complex in the region of the timelike momen-
tum transfer).

In the case of ® and ¢ (@) meson production the first class current is determined by
the F\(F,, F3, Fy) formfactor, but the second class current is determined by the F,, F;
and F, (F,) formfactors.

Owing to the different parity of the first and second class currents the contribution
of their interference to the decay probability is zero. This result is independent of 1t lepton
polarization and the type of formfactors. Note, that the situation is not the same in the
Tt — vKK* decay. Moreover, this decay is suppressed due to the small phase space,

Therefore the contribution of this interference to the differential probability (for
example, dWJdEy or dW/dE)) is not zcro.

After summing over the V meson and v polarizations one can obtain the interference
contribution for the matrix clement squared the following formula

I, =2G*ReF\Filg p:K pi—q p, K pa+m(K - p,S-q—q - p,S - K)]

where S is the t lepton polarization vector. It is seen that even in the polarized t lepton
decay the interference contribution is determined by one combination only, viz. Re F, F}.
Note, that the sign of I,, is different for t* -» vaiV® and 1~ — vn~V® decays.
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For the numerical calculations, we have used the following formfactor parametri-
zation (V = o, ¢)

Fy = F,(0) [x;mi(mi—t—im )~ +x,mi(mi—t—imy[y)™*],

4.1 0.02
x1+x2 = 1[]9], F%w(0)=W, Fip(o):—n-q—z’
© 14

F m3
O mim ity
where my and I'y are the mass and the width of the corresponding vector mesons.

For the 1 = vor decay we use axial formfactors, calculated using current algebra
with “hard pions”. In this approximation the axial formfactors are determined by the
A, meson (J¥¢ = 1+) contribution [20]. These formfactors allowed all the experimental
data to be explained. We suppose that the second class current formfactor (F;) does not
depend on ¢, because the hypothetical meson with J*¢ = 1— (which can play the role of
the second class current carrier) is, probably, the qqG- or qqqg-system (q — quark and
G — gluon). But the mass of such systems must be relatively large, say, several GeV.

Fig. 1. The dW/dE, and dW/dEy distributions in t — yrw, T — vrg decays (arbitrary units). The
curves correspond to my =0, I'y =0(), my =1.2GeV, Iy =0.13GeV (2), my =1.57 GeV,
Iy =0.34 GeV (3)

It is seen from the figure that the interference contribution to the dW/dE, and dW/dEy
distributions changes its sign (as expected).
The corresponding contribution to the V meson density matrix elements (9;,, = 052)

is given in the Appendix. These elements are normalized by the condition Y. ¢, = 112,
i=w

where A and A’ are the V meson helicities. It is seen that knowing the density matrix ele-

ments one can, in principle, determine all the formfactor combinations.
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3. The t© — van decay
The matrix element of this decay is determined by only one formfactor
Ju = FO) [Ku(m3+K - ) —qu(m:+K - )] ©)

We suppose that the vector current is conserved. Note, that generally one can not expect
the conservation of second class current (even if it is a vector one). Yet, we used expression
(3) to derive some information about this decay.

The Dalitz plot is given in the Appendix.

The hadron energy distribution is

dW G2 E2__ 2 2
= v 2 m"(1+ w—m"——>f|M|2dcos9

dE, 2°n°m, 2m.E, —m}—
IM|?> = |[F(I*[(Q - K)* (2K * pyK * p,—m2ps - p)+H(Q - 9)* (29 p1q " P2

—mZpy - p)+(Q K)(Q-q)(K*pyg- p2+K*pqg- py—K - qp, - p2)],

2p, - p, =mi—t, 2K-p, = 2mE,, 2q-K= i—m,f—-m,z‘, 0 =g+KkK,

2K - p, =2mE,—mi—t, 2q-p, = ml+mi—mi-2mE,,

2

—_ m
= mf+m‘(En—m,+ \/E,Z‘—-mfl cos 9)(1+ ———-w—'z————z)

2mE,~m;—m

aW T=wVon dw ‘ T—wVp R
dEq dEy
E? ,GeV
1 L 4 L 1 T,
0.8 09 20 £q,GeV . 0.4\7
aw T VT aw | Ty
dEp dE
i 3. L i - H i -
113 o7 [:7] ag En,GeV [+ ¥4 04 06 £n Gev

Fig. 2. The dW/dE,, dW/dE, and dW/dE, distributions in 7 - vrp and v — vy decays (arbitrary units)

For numerical computations we have used the formfactor

F(t) = my(mi —t—imgls)™",

where m; and I'; are the § meson (J°¢ = 0+) mass and width, respectively.
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It is seen from the figure that the dW]/dE, and dW/dE, distributions have the dip in
the central part of the curve.
The total width is

I'(t = vrn) = 0.327 x 10~** GeV.

4. Conclusion

We have shown that T lepton decays can be useful in second class current investiga-
tions. It is clear that the second class current problem cannot be avoided, for example,
in the verification of the CVC hypotheses in T — vrw(p) decays. However, there are some
problems that can be solved without taking second class currents into account. Thus,
the possibility of determining the v, mass (using asymmetry in theé T -» vt + hadrons
[13]) is independent of the existence of the second class current.

Note, finally, that the best estimates were obtained from nuclear B decay experiments
[21]. But there are some difficulties in such experiments: the small momentum transfer,
in accounting for electromagnetic and nucleon-nucleon interactions and lack of infor-
mation of nucleon binding energy [22, 23].

Thus, the 1 lepton decays seem to be most useful for the second class current search,

The authors would like to thank Drs. G. I. Gakh, Y. V. Kulish and A. P. Rekalo
for many helpful discussions.

APPENDIX
A. The Dalitz plot

dw  GA(1+4%)
dEdE,  64n°m,

IMIZs A= +1,

K- P = "l,E“, 4Py = "ltEm Py Py = nl-r('nt—En_En)s
2q - K = 2m(E,+E)—m}—ml—ml.

B. The V meson density matrix
{ #y o o2 - *
Gie+r = Im (f; £)4.(K*q - p,B,— K pyx))+Re (f, /")
a(m0y +K?u,—q - Kro)+Im (f,f5)q.(q * p2x,—4°K * p,B,)
+Re (flf:)qx(muGZ +6qx+ q: Kux"qzrx) +Im (flf:)

['nnAy(A 1 + quZx)+ quyK : Pz] + Re (flf:) [-25 —quTx

+ mn(Ale+A2p2x_2A : Pz‘Iz)],
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1
G2 ¢-- =1m (fifDaxK - pory~K’q * p;B,)+Re (f1f3)

[Ix(Kzux'—'q ' er"'mua-l)'*'hn (f] f;)qx(qu : szy
—-q- p2K2)+Re(fl ;‘)qx(éqx'*'q : Kux—_qzrx'*'mno-z)
+III1 (flf:) (quyK ) pl_ mnA lAy_ ’nnqu'zPZx)

+Re(f1f4’-k) [_25—qxrx+'nn(2‘4 : plqz_AxAl _prAZ)]7

1
2G? Qoo = Re(fzf’f)q,(Kzu,——q - Kr,)+Re(f31)4.

(6QZ+q : Kuz_qzrz)—Re (f4f;‘) (5+qzrz)+’nnqx‘4y

Im f; - (2K * p24,+f3q * P29:+faP22)*,

\72—%2 o- = Im (f1f)q.(K - pox;—K?q - p,B,

+Re(fifDe.(K?u,—q - Kry—m,a,)+1m(f3f1)4.
(4 paxs—°K * p2B)+Re(f3f1)4.(69,— a’rx

+q - Kuy—m,0,)+1Im (f41)q.(mA,p2.— K * p;B,)

—Re(f!f:) [qzrx'*'mx(A : p2qx+AlpIz+AZ.p22)l
1 * 2 *
—5 0+- = Im(f1f2)q(K " px1—K"q " p,B,)+Re(ff7)
G
4K?u,—q - Kry—mo)+1m(f,13)q(4°K * p2By,—4q - p2K2)
+Re (flf;)‘]:((sqx'*' q- Kux'“ qzux— maaz)'*'lm (flf:)
[nlnAy(A 1= qu2x) + quyK ' Pz] —Re (flf:) [qxrx

+ mu(A le + 5p2x)]’

1 .
756 0+0 = Re(f1 1) (—r,+mA - p;)q.+Re(fif5)
(5qz +q- Kuz—'qzrz)QZ_}'Re (flf;:)qz(Kzuz—q ' Krz)
+m1:qux Imfl . (fZK ‘ p2q2+f3q * P2q; +f4p2x)*9

Ay = quDyy Ay = A120x— A4,



Ky = q - KB,~m,A,4q,, K, =q KB+m,A4yq,,
oy =K-+AA +K-p,d, o0,=q" Ad;+4q" p,0,
6=q BK-p,—q-p,K*B,
u, = q- pBi—q - Bpy,
r; = K- p,Bi—K - Bpy,
A= (1+ip,—2m,S,
B = 2Ap, —m,(1+%)8S.
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